C4-dicarboxylate transport proteins of diazotroph Pseudo11Wnas stutzeri were encoded by dctPQM genes. Nucleotide sequence analysis indicated that dctP, dctQ, and dctM grouped together. Its nucleotide and amino acid sequence shared high homology with that of dctP gene encoding periplasmic C4-dicarboxylate-binding protein and dctQM genes encoding C4-dicarboxylate transport proteins from the free-living nitrogen-fixing Aotobacter vinelaudii. Structural analysis showed that DctP of P. stutzeri did not include membrane-spanning regions, and DctQ and DctM contained 5 and 12 transmembrane segments, respectively. The fragment containing the complete dctPQM genes was cloned into the Tn5 transposon region of suicide mobilization plasmid pSZ2l. The resultant plasmid was named pSZY6. By triparental mating, Tn5 transposon carrying the dctPQM genes inserted into the genome of the wild type strain A150l, randomly. The recombinant strain A-142 which harboured an extra copy of dctPQM genes was constructed and identified by PCR amplification of npt II gene. When A-142 was grown in minimal medium with different concentrations (20, 10 and 5 mmollL) of C4-dicarboxylates succinate, malate, or fumarate as the sole carbon source, the rate of nitrogen fixation assayed by acetylene reduction was significantly higher than that of the wild-type strain A150l. This result was established that an extra copy of dctPQM genes could increase the activity of nitrogen fixation of P. stutzeri strain A150l. C4-dicarboxylates are the tricarboxylic acid cycle (TCA) intermediates, which are the most effective substrates for respiration and promoting nitrogen fixation. The transport of C4-dicarboxylates succinate, fumarate, or malate across the cell memebrane is controlled by a common C4-dicarboxylate transport system (Dct-system).
REPORTS
The Dct system consists of a two-component regulatory system (DctBD) and a C4-dicarboxylate transport protein.
The C4-dicarboxylate transport protein is encoded by structural gene dctA in symbiotic diazotroph Sinorhizobium meliloti, but encoded by dctPQM genes in free-living diazotroph Azotobacter vinelandii. The similar regulatory mode was found between free-living and symbiotic nitrogen fixing bacteria. DctB acted as a sensor for C4-dicarboxylates outside the cytoplasm and activated the DctD. The activated DctD together with the RpON factor initiates the transcription of the dctA or dctPQM genes which encoded C4-dicarboxylate transport protein(s). C4-dicarboxylates are transported by the C4-dicarboxylate transport system into cytoplasm for growth and nitrogen fixation ofbacteria[lJ.
The research on Dct system in nitrogen-fixing bacteria was focused on symbiotic and free-living forms of Rhizobia. It has not been reported about expression and regulation of dct genes in associative nitrogen fixation. P stutzeri Al 501(formerly Alcaligenes faecalis A1501) was isolated from paddy field in South China in 1980, which colonized tightly on rhizoplane of the host plants or invaded the roots of plants for growth and nitrogen fixation. In contrast to Rhizobium-legume symbiosis, the supply of energy to nitrogen-fixing bacteria associated with roots of host plant is not sufficient. In this study, the 9408 bp DNA fragment was cloned and it contained the entire dct cluster. Sequence comparisons were made against the GeneBanklEMBL with the BLAST program (Register No. AB13422). On this basis, we analysed the structure of C4-dicarboxylate transport genes dctPQM from A1501, and constructed a mobilization vector carrying the entire dctPQM genes. The effect of C4-dicarboxylates transport on associative nitrogen fixation was studied. 1 Materials and methods ( i ) Bacterial strains and plasmids used in this study are listed in Table 1. (ii) Media. Al5 medium was used for P stutzeri[4
Wizard PCR Preps DNA Purification System was purchased from Promega. Ligase and restriction endonucleases were purchased from Promega or TaKaRa. Chemical reagents were purchased from Beijing Chemical Reagents Corporation.
(iv) Bacterial culture. P stutzeri were grown overnight on Al5 medium at 30'C[5 J . E. coli were grown overnight on Luria-Bertani medium at 37'C. Antibiotics used were ampicillin (100 flg/mL), chloramphenicol (30 flg/mL), and kanamycin (50 flg/mL).
( v ) Triparental conjugation. The donor strain was DH5a, and the recipient strain was A150l. Drops of the donor, recipient, and helper cultures were mixed on the surface of an LB plate. After an overnight incubation at 30'C, the mixture was diluted and spread on Al5 medium containing 50 flg/mL of kanamycin. The Km and Cm resistances of conjugatants were determined.
(vi) Identification of recombinant strains by npt II -PCR amplication. npt II located in the Tn5 transposon is the key sequence of kanamycin resistant gene which is neo encoding aminoglycoside phosphotransferase II. Primers for npt II were designed using the Oligo program. The forward primer (position 313 of the npt II sequence) was 5' GGT GCC CTG AAT GAA CTG 3 " and the reverse primer (position 806) was 5 'TAG CCA ACG CTA TGTCCT3'.
PCR was performed in the capillary thermal cycler (Idaho Technology). The reaction began with an initial 94 'C denaturation for 20 s, followed by 30 cycles of 94 'C for 0 s, 50 'C for 0 s, and 72 'C for 1 min, a final extension at 72 'C for 5 min.
(vii) Nitrogenase assay. Nitrogen fixation activity of the whole cells was determined by the acetylene reduction method[5 J • Bacterial colony was cultured overnight in Al5 liquid media containing relevant antibiotics. Cells were washed and resuspended in the sterile water to a density of 6x 10 7 cells per mL. 10 flL culture was inocu1ated in 7 mL serum bottles which contain 3 mL nitrogen-free Al5 semi-solid media. After 24 h of incubation at 30'C, 10% (v/v) acetylene of the gas volume was added into the gas phase of the bottles with a syring. The rate of ethylene production was determined after 24 h incubation using SP-2305 gas chromatograph.
2 Results and discussion ( i ) Structural analyses of dctPQM genes encoding C4-dicarboxylate transport proteins. The dctPQM sequence of P stutzeri Al501 was high homologous with that of Azotobacter vinelandii and Pseudomonas aeruginosa, and the identity was 88% and 87%, respectively. The amino acid sequences of DctA from symbiotic nitrogen-fixing bacteria Rhizobium leguminosarum (CAA77618) and Rhizobium meliloti (AAA63509), or amino acid sequences of DctP from Pseudomonas aeruginosa PAOI (AAG04273), Azotobacter vinelandii (ZP-00089927), Rhodobacter capsulatus (CAA45385), Rhodobacter sphaeroides (AAF72733), and Wolinella succinogenes (CAAI0756) were available in GeneBank. Multiple alignments among these sequences were preformed. The result revealed the 7 genera of bacteria, in which the high-affinity binding protein-dependence C4-dicarboxylate transporter was encoded by the dctP gene (Fig. 1) . They constituted one class. In symbiotic diazotrophs such as R. leguminosarum and R. meliloti, the structural gene encoding C4-dicarboxylate transport protein was dctA, and they constituted another class. In class I, photosynthetic bacteria of Rhodobacter capsulatus and Rhodobacter sphaeroides were formed into one group. Pseudomonas stutzeri Al501 and Pseudomonas aeruginosa belonged to the genus of Pseudomonas based on 16S rDNA sequences of phylogenetic systematics. However, the dctP of P stutzeri Al501 shared higher homology with that of free-living nitrogen-fixing Azotobacter vinelandii than that of Pseudomonas aeruginosa. We hypothesized that the dctP gene of P stutzeri Al501 might result from the horizontal transfer of heterologous gene. 
